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@ Apparatus for testing membrane filter integrity. 

(57) A membrane filter integrity test system (3) 
includes a large volume mass-flow controller 
(24) for rapidly supplying a larger amount of 
fluid to a primary side of a membrane filter (MF) 
under test, a small volume mass-flow controller 
(22) for supplying a relatively small amount of 
fluid to the primary side of the membrane filter. 
The operation of the large volume mass-flow 
controller is stopped when the pressure at the 
primary side of said membrane filter reaches a 
predetermined level. This predetermined press- 
ure is detected by a pressure sensor (36) which 
senses the pressure at the primary side of the 
membrane filter. The pressure sensor respon- 
sively generates a detection signal correspond- 
ing to the sensed pressure at the primary side of 
the membrane filter. A main controller (42) res- 
ponsive to the detection signal from the press- 
ure sensor controls the small volume mass-flow 
controller in a negative feedback loop manner 
for controlling the supply of fluid to the primary 
side of the membrane filter so that the pressure 
on the primary side of the filter is maintained at 
the predetermined value. 
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Field of the Invention 

The present invention relates to an improved ap- 
paratus for testing the perfection or integrity of a 
membrane filter, and more particularly to a computer 
controlled membrane filter integrity test system for 
testing the integrity of a membrane filter with higher 
precision and reliability by utilizing means for precise- 
ly controlling a pressure applied to the membrane fil- 
ter. 

Background of the Invention 

Membrane filters having a number of pores are 
used in a wide variety of industries such as medical, 
electronics or food industries for sterilizing liquids, for 
example, whenever heat sterilization is impossible 
because of damage to the liquid itself. By way of ex- 
ample, the pore size of such membrane filter may be 
approximately 0.2 micrometer, and the pore density 
may be approximately 4 X 10 9 pores per square cen- 
timeter. 

One of the ultimate purposes of using this kind of 
membrane filter is, in the medical industry, for exam- 
ple, to prevent bacteria in certain liquids from passing 
through the filter, i.e., from a primary side to a sec- 
ondary side of the membrane filter. Therefore, to 
evaluate the membrane filter characteristics, a direct 
t st which measures the ratio of bacteria in the pri- 
mary side and the secondary side of the membrane 
f ilt r bacteria may be employed. This test is called a 
bacteria challenge test in the industry. Unfortunately, 
the bacteria challenge test, if performed in a literal 
manner, is subjected to a serious drawback in that to 
determine the ratio of bacteria between the primary 
side and the secondary side of the filter requires a 
measurement on the secondary side of the filter. The 
measurement on the secondary side of the filter will 
introduce the danger of secondary impurities, for ex- 
ample, further bacteria in the already sterilized liquid. 
To overcome this drawback, the bacteria challenge 
test requires utmost care and expensive facilities to 
minimize the danger of introducing secondary impur- 
ities. Moreover, the bacteria challenge test requires a 
considerably long time. Thus, the bacteria challenge 
test is not practical whenever the filter has to be test- 
ed in a cost effective manner. 

Therefore, various types of test systems for test- 
ing the integrity of a membrane filter using other 
types of test methods and without using the bacteria 
challenge test are known in the art These tests are 
performed without measurement on the secondary 
side of the membrane f ilter to prevent the introduction 
of impurities on the secondary side. Then these tests 
are validated with respect to the bacteria challenge 
test if there is sufficient correlation with the bacteria 
challenge test 

One of the conventional membrane filter perfec- 



tion test systems involves recording a curve of in- 
creasing pressure on the primary side of the mem- 
brane filter under test on a chart sheet by a pen re- 
corder. This conventional test system operates in two 
5 modes; i.e., a bubble point mode and a pressure hold 
mode. 

The bubble point testing is generally used in order 
to test the integrity of the membrane filter to verify the 
fact that there are no pores having a size exceeding 

10 a certain predetermined limit In this mode, a gas 
pressure is provided to a wetted membrane filter to be 
tested at its primary side to create a pressure differ- 
ence across the membrane filter. The secondary side 
of the membrane filter is introduced to a container fil- 

15 led with liquid for easy detection of bubbles. The gas 
pressure on the primary side is gradually increased, 
which causes more and more gas to permeate 
through the filter as the pressure keeps mounting. Ini- 
tially, the rate of gas flow measured on the secondary 

20 side of the filter is proportional to the increasing gas 
pressure on the primary side. As soon as the rate of 
gas flow measured on the secondary side of the 
membrane filter increases at a greater rate than does 
the gas pressure in the primary side, as indicated by 

25 a substantial increase in the quantity of gas bubbles 
escaping, the bubble or valve point has been 
reached. This bubble point is read from the chart of 
increasing pressure. 

In the prior art, however, the bubble point is de- 

30 termined visually, which is subjective to an operator 
of the test system. It is especially difficult to accurate- 
ly determine the bubble point when testing a large ca- 
pacity membrane filter, such as a cartridge type 
membrane filter, since a bubble will start even in a dif- 

35 fusion region which is less than the bubble point As 
a result, the bubble point thus determined is usually 
at a point which is substantially lower than the time 
point specified by a manufacturer. Furthermore, the 
curve of increasing pressure varies depending on the 

40 supply of gas from the primary side and on the flow 
of diffusion in the filter which may vary from filter to 
filter under test Therefore, it is very difficult to accu- 
rately read the bubble point from the chart which re- 
sults in an impossible validation. 

45 The pressure hold mode is also commonly used 

in evaluating the membrane filter. In this mode, a gas 
pressure is supplied to the primary side of a mem- 
brane filter to increase the pressure within the space 
in the primary side of the f ilter up to a predetermined 

so pressure level. This predetermined level is within the 
diffusion range; i.e., the range wherein the pressure 
in the secondary side of the filter increases propor- 
tionally to the pressure in the primary side, and below 
the pressure creating the bubble point As soon as 

55 the testing gas pressure has reached the predeter- 
min d level, the supply of gas is stopped, and any 
changes in the gas pressure in the primary side of the 
membrane filter is monitored by means of a recorder. 
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For example, after a given initial time period, the re- 
duction of primary side pressure is outputted as a 
chart which in turn is read by the operator. 

In this case, only the gradual pressure reduction 
is indicated by the chart, irrespective of the capacity, 
temperature and other factors at the primary side of 
the membrane filter. However, the filter characteristic 
is susceptible to variations in these factors. There- 
fore, the operator must take into account the addition- 
al factors in the measuring system to compensate the 
test results. Even after considering these factors, in 
such an arrangement of the conventional test met hod 
it is considered in the industry that the test results 
cannot be correlated with the bacteria challenge test. 
Thus, the validation based on the pressure hold test 
is impossible. 

There is further known in the prior art a diffusion 
flow type integrity testing system to which the pres- 
sure hold testing process is applied. The diffusion 
flow mode test is another kind of test widely used in 
the art wherein a constant pressure is applied across 
the wetted membrane filter and actual flow of gas on 
the secondary side of the membrane filter is meas- 
ured. The quantity of gas diffusion is proportional to 
the pressure differential occurring between primary 
and secondary sides, and inversely proportional to 
the thickness of the water layer of membrane filter. 

jjiffiicicn testing press— re s^^'ed o n ini*»t 
side has to be constant and is lower than that at which 
the bubble point is reached. The pressure used in this 
test is, for example, around 80% of that attained by 
the bubble point testing. The diffusion flow test is con- 
sidered to be a more accurate test than the other test 
modes, since the test results in the diffusion flow test 
has a direct correlation with the bacteria challenge 
test 

The typical diffusion flow type perfection testing 
system in the prior art operates in three modes, that 
is, valve point mode, pressure hold mode and diffu- 
sion flow mode. Since measurements are mechani- 
cally made in the bubble point mode, less measure- 
ment errors result than with manual measurements. 
However, the measurement errors still remain in this 
type of system and are recognized to be about 
plus/minus 5 kg/cm 2 . As of today, since different sys- 
tems were made by different manufacturers using dif- 
ferent principles, there is an extreme confusion when 
membrane filters to be tested are produced by several 
different manufacturers. If a validation is to be visually 
performed while operating the machine, it is difficult 
to visually judge the bubble point in a cartridge-type 
filter which typically has a large capacity. Therefore, 
this bubble point mode should be exclusively used for 
a disc type filter which has a smaller capacity. 

The pressure hold mode also is mechanically 
perform d with fairiy small measurement errors in 
this conventional testing system. However, the pres- 
sure hold test process itself is one that correlates with 



the bacteria challenge test provided by the filter man- 
ufacturers is very hardly proven in practice. Thus, the 
pressure hold test process also is unsuitable for vali- 
dation. 

5 The diffusion flow mode in this conventional test- 

ing system utilizes the aforementioned pressure hold 
test process to calculate the diffusion flow from vari- 
ous factors such as primary side volume metered by 
adding a given pressure to the primary measuring line 

10 side, pressure drop and so on. The diffusion flow 
mode in the conventional testing system has the fol- 
lowing problems: 

a. The diffusion flow testing process ignores an 
important principle that the primary pressure 

15 must be precisely maintained at a specified level. 

b. As the predetermined initial time is prolonged, 
the measurement must be performed at a pres- 
sure lower than the specified level, since there is 
no means provided to keep the pressure in the 

20 primary side of the filter constant. 

c. If the temperature in the input side of the filter 
under test increases, the fluid will expand and 
change the pressure in the primary side of the fil- 
ter, resulting in an improper measurement 

25 d. The diffusion flow testing process utilizes a 

standard function of mechanically determining 
the volume in the primary side of the membrane 
filter under test to calculate the diffusion flow. 
However, this volume measurement also creates 
30 an error. Therefore, since the measurement of 

the diffusion flow is made based on these erro- 
neous measured values, the final test results 
have a significant inaccuracy. Furthermore, the 
test results have poor reproducibility. 
35 Therefore, the conventional diffusion flow type 

test system for the filter integrity cannot be correlated 
with the bacterial challenge test, and thus validation 
with sufficient accuracy is not possible. Therefore, 
there is a need for a membrane filter test system 
40 which is capable of accurately testing the membrane 
filter characteristics, especially the diffusion flow 
characteristics so that the integrity of the filter can be 
accurately validated by correlation with the bacteria 
challenge test 

45 

Summary of the Invention 

It is therefore an object of the present invention 
to provide a membrane filter integrity test system 
50 which can accurately measure the diffusion flow 
characteristics of the membrane filter based on the 
theoretical principle of the diffusion test mode. 

It is a further object of the present invention to 
provide a membrane filter integrity test system which 
55 is capable of performing various tests for the mem- 
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the capacity or size of the membrane filter under test. 
It is also an object of the present invention to pro- 
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vide a membrane filter integrity test system which can 
perform other test modes including a bubble point 
test and a pressure hold test more accurately than the 
conventional test systems. 

It is a further object of the present invention to 
provide a membrane filter integrity test system which 
can automatically test the diffusion flow of the mem- 
brane filter by accurately controlling a pressure at an 
inlet side of the membrane filter to keep the pressure 
constant 

It is another object of the present invention to pro- 
vide a membrane filter integrity test system which can 
accurately measure the diffusion flow in the mem- 
brane filter without regard to the capacity of the filter. 

It is another object of the present invention to pro- 
vide a membrane filter integrity test system which can 
accurately detect, calculate, monitor and record the 
variation of pressure in the primary side of the mem- 
brane filter. 

According to the present invention, a filter test ap- 
paratus for testing the integrity or perfection of a 
membrane filter performs a diffusion flow test and 
other tests by automatically supplying a precise 
amount of fluid such as a pressurized gas to the pri- 
mary side of the membrane filter to be tested. The 
precise relationship of time versus pressure is control- 
I d by a computer based controller and recorded by 
a printer connected to the test system. As is well 
known in the art, prior to the test, the membrane filter 
to be tested is provided with water or other liquid such 
as alcohol so that the membrane filter is sufficiently 
wetted. 

The membrane filter integrity test system of the 
pr sent invention includes a large volume mass-flow 
controller for rapidly supplying a larger amount of fluid 
to the primary side of the membrane filter, and a small 
volume mass-flow controller for supplying a relatively 
small amount of fluid to the primary side of the mem- 
brane filter. The operation of the large volume mass- 
flow controller is stopped when the pressure at the 
primary side of said membrane filter reaches a prede- 
termined level. This predetermined pressure is de- 
tected by a pressure detecting means which senses 
the pressure at the primary side of the membrane fil- 
ter. The pressure sensor responsively generates a de- 
tection signal corresponding to the pressure at the 
primary side of the membrane filter. Amain controller 
responsive to the detection signal from the pressure 
sensor controls the small volume mass-flow control- 
ler in a negative feedback loop manner for supplying 
the fluid to the primary side of the membrane filter so 
that the pressure in the primary side of the filter is 
maintained at the predetermined value. 

Brief Description of the Drawing 

Figure 1 is a schematic view of an overall config- 
uration for testing a membrane filter integrity by the 



membrane filter integrity test system in accordance 
with the present invention. 

Figure 2 is a block diagram of one of the embodi- 
ments of the membrane filter integrity test system of 
5 the present invention. 

Figure 3 is a block diagram of an example of 
mass-flow controller preferably used in the mem- 
brane filter test system in accordance with the pres- 
ent invention. 

10 

Detailed Description of the Invention 

A membrane filter integrity test system of the 
present invention will be described in detail in the foi- 
ls lowing with reference to the drawings. As described 
above, the diffusion flow test is considered to be the 
most reliable test today which can prove direct corre- 
lation with the bacteria challenge test. Thus, the 
membrane filter test system of the present invention 

20 is designed to be particularly advantageous in the dif- 
fusion flow test mode. Furthermore, the membrane 
filter test system of the present invention is advanta- 
geous in the other test modes including the bubble 
point test and the pressure hold test as well. 

25 Figure 1 shows an example of test configuration 

in using a membrane filter integrity test system 3 of 
the present invention. The membrane filter test sys- 
tem 3 is provided with a compressed gas such as air 
or nitrogen gas at its inlet through a valve V1. The 

30 membrane filter test system 3 provides through its 
output the gas to a primary (inlet) side of a membrane 
filter MF to be tested. In this example, three valves 
V2, V3, V5 and a filter F are used on the inlet side of 
the membrane filter MF; however, those are not al- 

35 ways necessary. Usually, in an actual test, at least 
one valve may be preferably used to control an 
open/close of the path to the membranef ilterMF. The 
filter F is preferably used in cases where the test en- 
vironment including the input gas, valves, and the test 

40 system 3 may damage a perfect sterilization of the 
membrane filter MF. 

A secondary (outlet) side of the membrane filter 
MF is connected to, for example, a part of the actual 
production facility, such as a food production system 

45 through a valve V6 in case where the test is under- 
taken in an active plant (in-line test). Alternatively, the 
output path may be open or connected to a bubble de- 
tector in case where the test is undertaken in a labo- 
ratory (off-line test). The membrane filter MF is pro- 

50 vided through a valve V4 with liquid such as water or 
alcohol prior to the test so that the membrane filter 
MF is sufficiently wet 

The membrane filter MF in Figure 1 designates a 
typical cartridge type filter. In the cartridge type filter, 

55 the exterior of the cartridge constitutes the primary 
side of the membrane filter. The primary side of the 
filter is surrounded by the medium to be filtered. 
Within the interior, the filtered medium is collected 
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and is drained through bottom end (outlet or second- 
ary) of the membrane filter. As illustrated, a typical 
cartridge type membrane filter has a pressure meter 
P. Another type of membrane filter widely used is a 
disk type filter although not shown in the drawing. 
The disk type filter is typically a plane, round filter 
wherein one side of the plane is a primary (inlet) side 
and the other side is secondary (outlet) side. The car- 
tridge type membrane filter has a larger capacity than 
the disk type membrane filter. 

As will be described in more detail later, an exter- 
nal printer is preferably connected to the membrane 
filter test system 3 of the present invention. The prin- 
ter is extremely useful in the membrane filter testing 
since it can automatically print out, for example, a time 
versus pressure diagram, which is almost always nec- 
essary in the testing. The membrane filter test system 
3 of the present invention can also be connected to a 
remote controller so that the membrane filter testing 
is performed under the control provided a distance 
away from the test system. 

In operation, the valves 4, 5 and 6 are first 
opened to provide liquid to the membrane filter MF to 
be tested. After the membrane filter MF is in a suffi- 
ciently wet state, the valve V4 is closed and the liquid 
is drained in the secondary side of the membrane fil- 
ter MF through the valve V6. The liquid in the primary 
side of the rnernb r ?ne filter I? al«an HrainpH thrnnnh a 
drainage (not shown) in the primary side of the mem- 
brane filter. Then, the valves V2 and V3 are opened 
to form a pass from the output of the test system 3 to 
the inlet of the membrane filter MF. The valve V1 is 
also opened to provide a gas to the input of the test 
system 3. Prior to the test, an operator provides the 
membrane filter integrity test system 3 an information 
for the test through, for example, a keyboard and a 
display to store the information in a memory. Such in- 
formation includes the kind of test and test conditions 
including the type of filter to be tested which will be 
described in more detail later. The membrane filter 
test system 3 automatically performs a diffusion flow 
test and other kinds of test including a pressure hold 
test and a bubble point test in accordance with the 
test information stored in the memory of the test sys- 
tem 3. The test results will be displayed in the display 
of the test system and preferably printed out by the 
external printer which is connected to the test system 
3. 

Referring to Figure 2, there is shown a membrane 
filter integrity test system 3 which comprises an inlet 
1 0for introducing a testing fluid, air or nitrogen gas for 
example, into the interior of the test system 3. A filter 
12 is connected to the inlet 10 to remove unwanted 
constituents in the gas. A safety valve 14 is preferably 
connected to the filter 12 for preventing any damages 
which may be caused by a reverse flow of the gas. A 
shut-off valve 1 6 is also connected to the safety valve 
14 to form an open and close path for the gas in the 



downstream. The output side of the shut-off valve 16 
is connected to both a small volume mass-flow con- 
troller 22 and a large volume mass-flow controller 24 
through paths 18 and 20, respectively. Afurthershut- 

5 off valve 28 is located in the downstream of the large 
volume mass-flow controller 24 to open or close the 
output supply of the gas from the large volume mass- 
flow controller 24. In the preferred embodiment, the 
small volume mass-flow controller 22 can transmit 

10 the gas up to 100 cc per minute while the large vol- 
ume mass-flow controller can transmit the gas up to 
5,000 cc per minute. 

The paths 18 and 20 merge to a path 30 which 
receives the gas from the outputs of both the small 

15 volume mass-flow controller 22 and large volume 
mass-flow controller 24. The path 30 connects the 
output gas from the small volume mass-flow control- 
ler and the shut-off valve 28 to a switching valve 38. 
The switching vaive 38 is controlled to open and close 

20 a path for the gas to an output connector 32. The path 
30 is also connected with exhaust lines which have 
exhaust terminals 34 and 40 respectively. The ex- 
haust terminal 34 is used for withdrawing the internal 
gas of the test system 3 while the exhaust terminal 40 

25 is used for withdrawing the external gas, such as in 
the primary side of the membrane filter. On the path 
30, there is also a pressure sensor 36 at an inlet side 
of thR.switr.hinn valve 3B to detect the gas pressure 
in the primary side of the membrane filter. A switching 

30 valve 38 is connected to the exhaust line 34 at a point 
downstream of the pressure sensor 36. An accurate 
pressure sensor suitable for use as the pressure sen- 
sor 36 is readily available in the market. The resolu- 
• tton of the pressure sensor for the test system of the 

35, present invention is, for example, plus/minus 0.05 %. 
The switching valve 38 is adapted to shut off the ex- 
haust line 34 and to connect the exhaust port 40 with 
the output connector 32. 

• All the aforementioned movable parts can be 

40 controlled by a main controller 42. The main controller 
42 can be any type of micro-controller, such as a 1 6- 
bit micro-processor commercially available in the 
market The main controller 42 includes a memory 
(not shown) to store a program for various type of 

45 tests. The memory can also store various test infor- 
mation such as test parameters and test conditions 
provided by an operator. If a memory of larger capaci- 
ty is necessary, the main controller may be connect- 
ed with an external memory as is well known in the 

so art A keyboard 43 and a display 41 are connected to 
the main controller 42 so that the operator can input 
instructions or the test conditions by means of the 
keyboard 43 while monitoring such information on the 
display 41. The display 41 can also show the test re- 

55 suits including the time, pressure amount, the type of 
test and the like. The main controller 42 also provides 
an output signal to a printer 45 which is positioned at 
outside of the membrane filter test system 3. The prin- 

5 
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ter 45 prints out on a paper a diagram showing, for ex- 
ample, a time versus pressure relationship for the 
membrane filter under test. 

The main controller 42 provides control signals to 
control open and close operations of the shut-off 5 
valves 16 and 28 and the switching valve 38. The 
main controller 42 provides control signals to the 
small volume mass-flow controller 22 to determine 
the amount of the gas flow through the small volume 
mass-flow controller 22. The exact amount of gas 10 
flowing through the small volume mass-flow control- 
ler 22 is known by the main controller 42 by, for ex- 
ample, a value in the control signal. Similarly, the 
main controller 42 provides control signals to the 
large volume mass-flow controller 24 to determine 15 
the amount of the gas flow through the large volume 
mass-flow controller 24. The exact amount of gas 
flowing through the large volume mass-flow control- 
ler 24 is also known by the main controller 42. The 
pressure sensor 36 supplies a detection signal indi- 20 
eating a pressure amount of the gas at the output of 
the test system 3, i.e., the inlet of the membrane filter 
to the main controller 42. As will be described in more 
detail later, the main controller 42, the large and small 
volume mass-flow controllers 22, 24 and the pressure 25 
sensor 36 constitute a negative feedback loop to ac- 
curately and automatically control the gas pressure 
supplied to the membrane filter under test 

In the example of Figure 2, the membrane filter 
MF connected to the output of the membrane filter in- 30 
tegrity test system 3 is a cartridge type filter. The 
membrane filter MF is arranged to undertake the bub- 
ble point test, although the diffusion flow test and the 
pressure hold test also can be performed with this ar- 
rangement. The secondary side of the membrane f il- 35 
ter MF is introduced to a beaker 47 filled with liquid 
through a passage 46. The open end of the passage 
46 is positioned at the bottom of a cylinder 44 which 
is also filled with liquid. In this arrangement, if the gas 
provided at the primary side of the membrane filter 40 
MF passes through the filter because the pressure 
exceeds the bubble point of the filter, the resulting 
gas in the secondary side is shown as bubbles in the 
cylinder 44 as illustrated in Figure 2. 

The operation of the membrane filter integrity test 45 
system 3 of the present invention is explained below 
according to Figure 2. The wetted membrane filer MF 
to be tested is connected to the output connector 32 
of the membrane filter test system 3. A fluid such as 
air, nitrogen gas and the like is provided at the inlet so 
10 of the test system 3. Preferably, the maximum 
pressure of the input gas is around 8.9 bar while the 
minimum pressure is around 0.5 bar. Then, an oper- 
ator will input various information regarding the test in 
the test system 3 through the keyboard 43 and the 55 
display 41. Such information includes test conditions 
such as selection of test program, test date, manufac- 
turer of the filter and serial number and the type and 



size of the filter to be tested. Further, the information 
regarding the type of test, a predetermined pressure 
amount depending on the type of test, the capacity of 
the membrane filter to be tested, and the pressure 
hold time and the like are also stored in the test sys- 
tem 3. 

By pressing a start key on the keyboard 43, the 
test system automatically commences the test proc- 
ess according to the program stored in the main con- 
troller 42. During the test, the display 41 indicates that 
the test is under progress by illuminating a test sign. 
At the end of the test, the display 41 shuts off the il- 
lumination to notify the operator the completion of the 
test After starting the test, the shut-off valve 16 is 
first actuated to connect the inlet 10 with the paths 
18 and 20. The small volume mass-flow controller 22 
and the large volume mass-flow controller 24 are re- 
spectively given amounts of gas flow therethrough by 
the main controller 42. For example, the large volume 
mass-flow controller 24 is set to 5,000 cc/minute and 
the small volume mass-flow controller 22 is set to 1 00 
cc/minute. However, these amount are not fixed but 
may vary depending on the control signal from th 
main controller 42. The mass-flow controllers 22 and 
24 are controlled by the main controller 42 and the 
pressure sensor 36 in a proportional-plus-integral 
control manner which is typically used in an automatic 
control technology and the details of which will be de- 
scribed later. 

The pressurized gas is rapidly supplied to the in- 
terior of t he membrane filter test system 3 1 h rough t h 
inlet 1 0. The shut-off valve 28 is controlled to connect 
the output of the large volume mass-flow controller 
24 with the path 301 The switching 38 is actuated to 
connect the path 30 to the output connector 32 to pro- 
vide the gas to the primary side of the membrane fil- 
ter MF to be tested. Thus, the pressure in the primary 
side of the membrane filter MF rapidly will increase 
since the large volume mass-flow controller 24 can 
send a larger volume of gas to the membrane filter 
within a short period of time. 

The pressure in the primary side of the mem- 
brane filter MF is constantly monitored by the pres- 
sure sensor 36 which transmits the measured data to 
the main controller 42. After reaching the predeter- 
mined pressure in the primary side of the membrane 
filter, the large volume mass-flow controller 24 stops 
supplying the gas based on the instruction from the 
main controller 42. At the same time, the shut-off 
valve 28 is closed by the command signal from the 
main controller 42. The time required to reach the pre- 
determined pressure depends on the capacity of the 
membrane filter under test and the volume of the 
mass-flow controller 24. The small volume mass-flow 
controller 22 continues to send a small amount of gas 
to the primary side of the membrane filter MF in the 
diffusion flow test mode and the bubble point test 
mode to maintain the pressure in the primary side of 
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the membrane filter under test at a constant amount. 
However, the operation of the small volume mass- 
flow controller 22 will be terminated in the pressure 
hold test mode. 

As described above, in the diffusion flow mode, 5 
the small volume mass-flow controller 22 is controlled 
to maintain the predetermined pressure after the pri- 
mary side of the membrane filter under test reaches 
the predetermined pressure amount. This procedure 
in the present invention is important since the pres- 10 
sure in the primary side of the membrane filter under 
test will decrease because of the diffusion of the gas 
through the pores of the filter. Further, the theoretical 
bases of the diffusion test requires that the pressure 
in the primary side of the filter be fixed to the prede- 1 5 
termined value and maintained at the same value dur- 
ing the test. In the present invention, the pressure 
sensor 36 detects the current pressure in the primary 
side of the membrane filter MF and the main control- 
ler determines the amount of gas flow from the small 20 
volume mass-flow controller 22 to supplement the 
pressure decrease. 

Thus, the balance between the flow supply and 
the diffusion flow can be maintained at an increased 
accuracy. For example, a larger capacity filter nous- 25 
ing or filter having an increased diffusion flow may 
have an increased flow supply while a smaller capaci- 
ty filter housing or filter having a decreased diffusion 
fiow may have a aecreasea now supply. According to 
the membrane filter test system 3 of the present in- 30 
vention, it is possible to maintain the pressure con- 
stant with high accuracy without regard to the differ- 
ences in type and size of the membrane filter under 
test The negative feedback loop formed by the pres- 
sure sensor 36, the main controller 42 and the small 35 
volume mass-flow controller 22 proportionally ampli- 
fies a difference between the predetermined pres- 
sure and the current pressure in the primary side to 
control the supply of gas. As is well known in the au- 
tomatic control technology, the proportional-plus-in- 40 
tegral control serves to prevent any oscillation (distur- 
bance in data) in the feedback loop. 

As described above with respect to the back- 
ground of the invention, the diffusion flow mode test 
is a test wherein a constant pressure is applied across 45 
the wetted membrane filter and actual flow of gas on 
the secondary side of the membrane filter is meas- 
ured. The quantity of gas diffusion is proportional to 
the pressure differential occurring between primary 
and secondary sides, and inversely proportional to so 
the thickness of the water layer of membrane filter. 
Thus, for obtaining the diffusion flow (quantity of gas 
diffusion through the filter under test) in the mem- 
brane filter test system 3 of the present invention, the 
gas flow supplemented by the small volume mass- 55 
flow controller is monitored by the main controller 42. 
The gas flow value within a certain period of time, i.e., 
cc/minute under the predetermined pressure repre- 



sents the diffusion flow of the membrane filter under 
test. 

It is preferable to perform the diffusion flow test 
first and move to the bubble point test, since the bub- 
ble point of the membrane filter comes after the dif- 
fusion flow, by further increasing the pressure in the 
primary side of the filter. More specifically, the pres- 
sure applied on the primary side in the diffusion flow 
test is, for example, around 80% of that will be at- 
tained by the bubble point testing. Thus, by increasing 
the gas pressure at the primary side of the membrane 
filter MF, the bubble point test can automatically be 
conducted in the membrane filter test system 3 of the 
present invention. 

For example, if the capacity of the membrane fil- 
ter under test is large, the large volume mass-flow 
controller 24 is activated to provide a large amount of 
gas flow so that the pressure in the primary side of 
the filter quickly comes close to the bubble point. 
Then, the operation of the large volume mass-flow 
controller 24 is terminated and the small volume 
mass-flow controller 22 will gradually supply the gas 
to the membrane filter under test. The bubble point of 
the filter under test is detected by precisely and slowly 
increasing the gas pressure in the primary side of the 
filter using the small volume mass-flow controller 22 
which generates a gas flow of, for example, 25 
cc/minute. The fine increase of pressure by the small 
volume mass-flow controller 22 is especially helpful 
for testing a membrane filter of small capacity, a disk 
type membrane filter, for example. 

Thus, by observing the first bubble apparent in 
the cylinder 44, the bubble point can be obtained by 
recording the gas pressure in the primary side of the 
membrane filter. This pressure amount is accurately 
measurable, since the pressure sensor 36 accurately 
detects the pressure and the main controller 42 con- 
trols the gas flow from the mass-flow controller to 
maintain the precise pressure based on the pressure 
data from the pressure sensor 36. As described with 
respect to the background of the invention, the con- 
ventional test technology cannot measure the bubble 
point accurately, since it does not have a pressure 
control means which can maintain the pressure con- 
stant as in the present invention. In particular, when 
testing a membrane filter of relatively large capacity, 
a significant amount of diffusion flow will start before 
the bubble point is reached so that the gas pressure 
in the primary side will decrease in the conventional 
test system. This problem will be overcome by the 
present invention since the test system 3 can accu- 
rately control the pressure on the primary side of the 
membrane filter MF. 

The pressure hold mode test can also be per- 
formed by the membrane filter integrity test system 3 
of the present invention. The pressure hold test by the 
membrane filter test system 3 is performed in the 
same way as proceeded in the conventional test sys- 
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tem. Namely, the predetermined gas pressure is giv- 
en to the primary side of the membrane filter and after 
a certain period of time, for example, 300 seconds, 
has elapsed, the pressure decrease in the primary 
side is measured by the pressure sensor 36. 

As seen in the foregoing, the combination of the 
large and small volume mass-flow controllers in the 
membrane filter test system 3 of the present invention 
is advantageous since this combination functions as 
both coarse tuning and fine tuning of the gas pres- 
sure. The coarse tuning contributes to a reduction of 
time for the test, while the fine tuning increases the 
accuracy of the test. An experiment under the ar- 
rangement of the present invention proves that the 
test processes can provide accurate data with higher 
stability for various types of membrane filter. If a ca- 
pacity of the filter to be tested is extremely large, an 
additional large volume mass-flow controller may be 
provided to the test system. Under the combination of 
the large and small volume mass-flow controller of 
the present invention, almost ail the measurement 
can be made within several minutes. Moreover, the 
measurement error can be maintained dramatically 
low, for example, the precision of the pressure meas- 
urement is within one cc/minute. 

Throughout the above-mentioned tests, the prin- 
t r 45 records the test results including the pressure 
curve, time sequence from the start of test in addition 
to the general information regarding the filter under 
test Since the pressure changes, and the associated 
curve of increasing pressure from the start of meas- 
urement to the termination thereof, are sampled at 
accurate time intervals, the point of change for deter- 
mining the bubble point, for example, can be easily 
detected. 

Figure 3 shows an exemplary block diagram of 
the mass-flow controllers 22 and 24 of the present in- 
vention. The structure of the mass-flow controller is 
basically the same for the small volume and large vol- 
ume mass-flow controllers except for differences in 
size. The mass flow controller 22 or 24 is formed of a 
hGusing 53 having an inlet 50 and an outlet 70. The 
housing 53 further includes a capillary 52, a manifold 
65 and a passage 67 and a nozzle 69. A valve 68 is 
provided within the housing 53 to control the gas flow 
of the nozzle 69. Two thermal resistance wires 54 and 
56 are connected across the capillary 52 whose re- 
sistances vary, depending on the temperature differ- 
ence in the capillary 52 caused by the flow of gas. 
The other ends of the thermal resistance wires 54 
and 56 are connected to a bridge circuit 58 which de- 
tects the difference of the resistance value in the 
thermal resistance wires 54 and 56 and generates a 
corresponding electric signal at its output. An ampli- 
fier 60 amplif ies the output signal from the bridge cir- 
cuit 58 and supplies its output to a comparator circuit 
62. The other input terminal of the comparator circuit 
62 is connected to a register 64 which stores flow data 



from the main controller 42 and generates a corre- 
sponding analog voltage to the comparator circuit 62. 
The comparator circuit 62 generat s an electric cur- 
rent to a solenoid 66 which drives the valve 68 de- 
5 pending on the value of the current. 

In operation, the input gas flows through the 
manifold 65 to the passage 67 and the nozzle 69 
through a gap formed between the valve 68 and the 
nozzle 69. The gas passes through the gap is output- 
10 ted at the outlet 70. A part of the gas flows through 
the capillary 52 and merges with the gas from the 
manifold 65. The gas which is flowing through the ca- 
pillary 52 causes a difference in temperature be- 
tween the two positions where the thermal resis- 
ts tance wires 54 and 56 are located. The difference in 
the temperature varies depending on the amount of 
gas flow in the capillary 52. 

The difference of the temperature is sensed by 
the resistance change in the thermal resistance wires 
20 54 and 56, and converted to the electric signal by the 
bridge circuit 58 and compared with the reference val- 
ue from the register 64 by the comparator circuit 62. 
The valve 68 is controlled to compensate the differ- 
ence between the two inputs of the comparator circuit 
25 62. As a result, the gas flow from the outlet 70 of the 
mass-flow controller is accurately controlled by the 
flow data stored in the register 64 which is provided 
from the main controller 42 of Figure 2. The main con- 
troller 42 will change the flow data in the register 64 
30 depending on the gas pressure in the primary side of 
the membrane filter detected by the pressure sensor 
36 in Figure 2. 

As has been described in the foregoing, accord- 
ing to the present invention, the membrane filter in- 
35 tegrity test system can accurately measure the char- 
acteristics of the membrane filter in a short period of 
time without regard to the capacity or size of the 
membrane filter under test. 

40 

Claims 

1. An apparatus for testing the perfection of a mem- 
brane filter, said apparatus comprising: 

45 a large-flow controller for supplying a pri- 

mary side of said membrane filter rapidly with a 
larger amount of a fluid; 

pressure detecting sensor for detecting 
the pressure at the secondary side of said mem- 

so brane f ilter and for responsively generating a de- 

tection signal; 

a small-flow controller for supplying the 
primary side of said membrane f ilter with a small- 
er amount of fluid; and 

55 a main control unit responsive to the de- 

tection signal from said pressure detecting sen- 
sor to stop the operation of said large-flow con- 
troller when the pressure at the primary side of 
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said membrane filter reaches a predetermined 
I vel, the main control unit then controlling said 
small-flow controller in a proportional/integral 
control manner to maintain said predetermined 
level. 

2. The apparatus of Claim 1, wherein said fluid is a 
gas and said large-flow controller and said small- 
flow controller comprise: 

a housing having an inlet and an outlet; 

a manifold within said housing through 
which a main stream of fluid flows; 

a capillary through which a secondary 
stream of fluid flows from an upstream side of 
said manifold to a downstream side of said mani- 
fold; and 

two thermal resistance wires mounted at 
two spaced positions along said capillary, 
wherein a temperature difference in the second- 
ary flow at the two positions where the thermal 
resistance wires are located is sensed by a resis- 
tance change in the thermal resistance wires in 
order to determine the gas flow through the 
large-flow controller and the small-flow control- 
ler. 

3. The apparatus of Claim 2 further comprising a 
register which stores flow data from the main con- 
trol unit, wherein the main control unit will change 
the flow data in the register depending on the gas 
pressure on the primary side of the membrane fil- 
ter detected by the pressure detecting sensor. 

4. The apparatus of Claim 3, wherein said large-flow 
controller and said small-flow controller com- 
prise: 

a bridge circuit connected to the ends of 
the thermal resistance wires which detects the 
difference of the resistance value in the thermal 
resistance wires and generates a corresponding 
electric output signal; 

an amplifier which amplifies the output 
signal from the bridge circuit to an amplified sig- 
nal; 

a comparator circuit which receives the 
amplified signal from the amplifier and also a ref- 
erence signal from the register; 

a valve upstream of said outlet; and 
a solenoid for actuating said valve, where- 
in the comparator circuit compares the amplified 
signal with the reference signal and generates an 
electric current to the solenoid which actuates 
the valve to compensate for the difference be- 
tween the two input signals of t he comparator cir- 
cuit. 

5. A method for testing the integrity of a membrane 
filter, said method comprising the steps of: 



supplying a fluid to a membrane filter test 
system through an inlet valve; 

allowing said fluid to contact a primary 
side of said filter until completely wetted; 
5 closing said valve to shut off said supply of 

fluid; 

draining said fluid from the system; 
supplying a gas to said membrane filter 
test system through a second inlet valve on the 
10 primary side of the filter; 

monitoring a pressure on the primary side 
of said filter with a sensor which generates a 
pressure signal; 

transmitting the pressure signal to a main 
15 controller; 

commencing a first gas flow to the primary 
\ side of the membrane filter through a large-flow 
controller; 

stopping said first gas flow by actuating a 
20 valve within said large-flow controller based on 
instructions from the main controller when a pre- 
determined pressure on the primary side of said 
membrane is reached; 

delivering a second gas flow to the pri- 
25 mary side of the membrane filter through a small- 

, flow controller; 

maintaining a predetermined pressure in 
v. the primary side of the membrane filter during 
the test by metering flow through said small-flow 
30 controller based on a feedback loop comprised of 

said sensor, said main controller and said small- 
flow controller. 

6. The method of Claim 5, wherein a bubble point 
35 i test is conducted, the bubble point test compris- 
ing the steps of: 

diverting an outlet flow line from a second- 
ary side of said filter to a reservoir of liquid; 

transmitting said pressure signal to an out- 
40 ' put recorder for creating a record of the time- 
varying pressure signal; 
'« increasing the pressure on the primary 

side of said membrane filter by actuating said 
small-flow controller past a point at which bub- 
45 bles are apparent in the reservoir; 

comparing said pressure-signal record 
with the time when bubbles were apparent to de- 
termine the bubble point of said filter. 

50 
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